Axonal regeneration after spinal cord transection and reconstruction.
Following complete transection of the spinal cord, cats were separated into 2 groups to undergo: (i) surgical reconstruction of the disconnected cord using a neuroactive agent mixed into a collagen matrix bridge and omental transposition and (ii) cord transection-only. After 90 days, animals were killed and the brain and spinal cord were removed for immunohistochemistry. Two weeks prior to sacrifice, spinal cord blood flows were measured and the retrograde axonal tracer Fluoro-Gold was injected below the transection site. Gross inspection of the spinal cords at autopsy showed excellent integration and continuity of the collagen matrix bridge with the proximal-distal stumps in the surgical reconstruction group. In the transection-only group, the proximal-distal stumps were connected by a fibrotic, often tapered in the middle, tissue bridge. Results show that omental transposition in the surgical reconstruction group increased spinal cord blood flow by 58% when compared to transection-only animals. Fluoro-Gold was found in mesencephalic and brainstem catecholaminergic and cholinergic neurons known to send axons to the spinal cord. Immunohistochemical staining with antibodies against catecholamine synthesizing enzymes tyrosine hydroxylase (TH) and dopamine-beta-hydroxylase (DBH) showed that surgical reconstruction treated cat cords but not transection-only, developed dense bundles of dopaminergic and noradrenergic fibers which were present in the collagen matrix bridge and in the distal spinal cord. Extension of these catecholaminergic fibers in surgical reconstruction treated cats showed maximal outgrowth of 90 mm below the transection site when the neuroactive agent 4-aminopyridine was mixed into the collagen matrix. In addition, the synaptogenic marker synaptophysin (SYN) was observed on preganglionic sympathetic neurons in association with dopaminergic- and noradrenergic-containing varicosities distal to the collagen matrix bridge, an indication that neo-synaptic contacts may have been made on these previously denervated neurons. No TH, DBH or SYN was observed below the transection site in transection-only cats. These findings indicate that surgical reconstruction treated cords can develop dense supraspinal fiber outgrowth across a treated collagen matrix bridge fed by an omental blood supply and that these fibers may have made neo-synaptic contacts with appropriate distal spinal cord target tissue.